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METHOD OF FORMING 
THROUGH-THE-WAFER METAL INTERCONNECT STRUCTURES 



BACKGROUND OF THE INVENTION 



Field of the Invention. 



The present invention relates to interconnect structures and, 
more particularly, to a method of forming a through-the-wafer metal 
10 interconnect structure. 

2. Description of the Related Art . 



An integrated circuit or chip that includes through-the-wafer 
15 metal interconnect structures can be used, for example, to electrically 
connect a number of integrated circuits or chips that are vertically 
stacked on top of each other to form a device with a substantially 
smaller footprint. In addition, through-the-wafer metal interconnect 
structures can also improve the pad layout density, and even provide 
20 backside integration opportunities. 

One method of forming a through-the-wafer metal interconnect 
structure is to first form a trench in the wafer. Once the trench has 
been formed, a barrier layer and a copper seed layer are subsequently 
formed in the trench. After the copper seed layer has been formed, a 
25 conductive metal layer is electroplated over the seed layer to fill up the 
trench. 

The conductive metal layer, the seed layer, and the barrier layer 
are then planarized to remove the barrier layer from the surface of the 
wafer. The planarization step forms a conductive plug that lies in the 
30 trench and extends into the wafer. After the remainder of the 
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integrated circuits have been formed on the wafer, the bottom surface 
of the wafer is planarized or ground down until the bottom surface of 
the conductive plug is exposed. 

FIG. 1 shows a cross-sectional view that illustrates a prior-art, 
5 trench-based, through-the-wafer structure 100 prior to the planarizing 
or grinding step that exposes the bottom side of the conductive plug. 
As shown in FIG. 1, structure 100 includes a wafer 110, and a trench 
112 that is formed in wafer 110. 

In addition, as further shown in FIG. 1, structure 100 includes a 
10 barrier layer 114 that is formed on wafer 100 to line trench 112, and a 
copper seed layer 116 that is formed on barrier layer 114. Further, 
structure 100 includes a copper plug 118 that is electroplated on seed 
layer 116 to fill up trench 112. 

One drawback to a trench-based, through-the-wafer structure is 
15 that it is difficult to form barrier layer 114 and copper seed layer 116 
with adequate step coverage when the aspect ratio exceeds 
approximately 4:1, i.e., the depth of the trench is more than four times 
the width of the trench. 

As further shown in FIG. 1, as the depth of trench 112, and 
20 thereby the aspect ratio, increases, the thicknesses of barrier layer 114 
and copper seed layer 116 decrease. Thus, the quality of the step 
coverage over trench 112 decreases as the depth of trench 112 
increases. 

In addition to two layers of material that get thinner as the depth 
25 of trench 112 increases, another draw back of a trench-based through- 
the-wafer structure is that a number of voids, such as void 120, can be 
formed when a copper solute is electroplated to form copper plug 118. 
Preferably, barrier layer 114, copper seed layer 116, and copper plug 
have a uniform thickness with no voids. 
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One solution to this drawback is to form a through-the-wafer hole 
rather than forming a plug in a trench, and then exposing the bottom 
surface of the plug. For example, a through-the-wafer hole can be 
formed by first forming and patterning a hard mask over the surface of 
5 the wafer. The exposed regions are then dry etched, such as with a 
plasma etcher, using, for example, the Bosch process, until a hole has 
been formed completely through the wafer. 

After the through-the-wafer holes have been formed, a barrier 
layer is formed on the wafer in the openings. Following this, a copper 
10 seed layer is formed on the barrier layer in the openings. Once the 
copper seed layer has been formed, a copper metal solute is 
electroplated to the copper seed layer to form a copper plug. 

One drawback with forming through-the-wafer holes using dry 
etching processes is that it takes a significant amount of time for a dry 
15 etching process to form a hole through the wafer. As a result, to 
maintain production-level fabrication rates, additional dry etching 
equipment is required which, in turn, substantially increases the cost of 
the wafers. 

Thus, there is a need for a method of forming a through-the- 
20 wafer hole which takes less time and requires less expense than 
conventional dry etching processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1 is a cross-sectional view illustrating a prior-art, trench- 

based, through-the-wafer structure 100 prior to the planarizing or 
grinding step that exposes the bottom side of the conductive plug. 

FIGs. 2A-2C are a series of views illustrating a semiconductor die 
200 in accordance with the present invention. FIG. 2A is a plan view of 
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die 200, FIG. 2B is a bottom view of die 200, and FIG. 2C is a cross- 
sectional view of die 200 taken along line 2C-2C of FIG. 2A. 

FIGs. 3A-3L are cross-sectional views illustrating a method of 
processing a semiconductor wafer 300 to form a die, such as die 200, in 
5 accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGs. 2A-2C show a series of views that illustrate a semiconductor 

10 die 200 in accordance with the present invention. FIG. 2A shows a plan 
view of semiconductor die 200, FIG. 2B shows a bottom view of 
semiconductor die 200, and FIG. 2C shows a cross-sectional view of 
semiconductor die 200 that is taken along line 2C-2C of FIG. 2A. 
As shown in FIGs. 2A-2C, semiconductor die 200 includes a 

15 substrate 210, and a doped region 212 that is formed in substrate 210. 
Substrate 210 has a top surface 214, an opposing bottom surface 216, 
and a number of holes 220 that extend from top surface 214 through 
substrate 210 to bottom surface 216. Each of the holes 220, in turn, 
has substantially anisotropic side walls. Further, substrate 210 has a 

20 <110> crystallographic orientation. 

Doped region 212, which is a part of a semiconductor circuit that 
is formed on substrate 210, can have the same or an opposite 
conductivity type as substrate 210. When substrate 210 and doped 
region 212 share the same conductivity type, doped region 212 has a 

25 greater dopant concentration than substrate 210. 

As further shown in FIGs. 2A-2C, die 200 has a number of barrier 
layers 222 that are formed on substrate 210 to line the side walls of the 
holes 220, and a corresponding number of copper seed layers 224 that 
are formed on the barrier layers 222. In addition, die 200 includes a 
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number of copper plugs 226 that are formed on the copper seed layers 
224 to fill up the holes 220. 

Die 200 additionally includes an insulation layer 232 that is 
formed on top surface 214. Insulation layer 232, which can be 
5 implemented with, for example, a layer of oxide, has a first opening 234 
and a number of second openings, such as second opening 236, that 
are formed through insulation layer 232. First opening 234 exposes the 
top surface of doped region 212, while the second openings, such as 
second opening 236, expose the top surfaces of the plugs 226. 

10 Die 200 further includes a first contact 240 and a number of 

second contacts, such as second contact 242. First contact 240, which 
is formed in first opening 234, makes an electrical connection with 
doped region 212. The second contacts, such as second contact 242, 
are formed in the second openings, such as second opening 236, to 

15 make electrical connections with the plugs 226. 

As further shown in FIG. 2C, die 200 includes a first metal-1 trace 
244 and a number of second metal-1 traces, such as second metal-1 
trace 246. First metal-1 trace 244 is formed on insulation layer 232 and 
first contact 240 to make an electrical connection with first contact 240. 

20 The second metal-1 traces, such as second metal-1 trace 246, are 
formed on insulation layer 232 and the second contacts to make 
electrical connections with the second contacts, such as second contact 
242. In an alternate embodiment, first metal-1 trace 244 can be 
connected to one of the second metal-1 traces 246. 

25 In addition, die 200 includes an isolation layer 250 that is formed 

on insulation layer 232, metal-1 trace 244, and the metal-1 traces, such 
as metal-1 trace 246. Isolation layer 250, which can be implemented 
with, for example, a layer of oxide, has a third opening 252 and a 
number of fourth openings, such as fourth opening 254, that are formed 

30 through isolation layer 250. Third opening 252 exposes the top surface 
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of metal-1 trace 244, while the fourth openings, such as fourth opening 
254, expose the top surfaces of the second metal-1 traces, such as 
second metal-1 trace 246. 

Die 200 further includes a first via 260 and a number of second 
5 vias, such as second via 262. First via 260, which is formed in first 

opening 252, makes an electrical connection with first metal-1 trace 244. 
The second vias, such as second via 262, which are formed in the 
second openings, such as second opening 254, to make electrical 
connections with the second metal-1 traces, such as second metal-1 
10 trace 246. 

As further shown in FIG. 2C, die 200 includes a first metal-2 trace 
264 and a number of second metal-2 traces, such as metal-2 trace 266. 
First metal-2 trace 264 is formed on isolation layer 250 and first via 260 
to make an electrical connection with first via 260. The second metal-2 

15 traces, such as metal-2 trace 266, are formed on isolation layer 250 and 
the second vias to make electrical connections with the second vias, 
such as second via 262. In an alternate embodiment, first metal-2 trace 
264 can be connected to one of the second metal-2 traces 266. 
In addition, die 200 further includes a layer of passivation 

20 material 270, such as nitride or nitride and an underlying layer of oxide, 
that is formed on first metal-2 trace 264 and the second metal-2 traces, 
such as second metal-2 trace 266. Further, die 200 can include a 
number of solder balls 272 that are formed on the bottom ends of plugs 
226. 

25 FIGs. 3A-3L show cross-sectional views that illustrate a method of 

processing a semiconductor wafer 300 to form a die, such as die 200, in 
accordance with the present invention. Prior to beginning the method of 
the present invention, wafer 300, which includes a large number of 
substrate regions, is conventionally processed to form an identical 
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semiconductor circuit in each substrate region. Each semiconductor 
circuit, in turn, includes a doped region. 

FIG. 3A shows a substrate region 310 and a doped region 312 
that is formed in substrate region 310. Substrate region 310 has a top 
5 surface 310-T, a bottom surface 310-B, and a <110> crystallographic 
orientation. Doped region 312 can have the same or an opposite 
conductivity type as substrate region 310. When substrate region 310 
and doped region 312 share the same conductivity type, doped region 
312 has a greater dopant concentration than substrate region 310. 

10 Referring to FIG. 3A, the method of the present invention begins 

by forming a layer of masking material 314, such as nitride, over 
substrate region 310. Once formed, material 314 is then patterned to 
expose a number of regions on the top surface 310-T of substrate 
region 310 where the through-the- wafer holes are to be formed. The 

15 regions are vertically aligned with where the package bonding pads 
would normally be formed, such as around the periphery of the 
package. 

Referring to FIG. 3B, once masking material 314 has been 
patterned, the exposed areas of substrate region 310 are etched with a 

20 wet etchant, such as KOH (ethanol) or TMAH (tetramethylammonium 
hydroxide), to form a number of holes, such as hole 316, that extend 
through wafer 300. A KOH etch is a relatively slow etch (e.g., 60 
microns/hour), but when used to etch a <110> region of silicon, 
produces a very deep hole, e.g., greater than 25 micrometers (> 25uM), 

25 with substantially anisotropic side walls. 

Due to the time required to complete an etch, a production 
process would etch a number of wafers at the same time. One of the 
advantages of the present invention is that it is relatively inexpensive, 
when compared to dry etching processes, to wet etch a number of 

30 wafers at the same time. Following the etch, mask 314 is removed. 
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Next, as shown in FIG. 3C, a barrier layer 320 is formed on the 
surface of substrate 310 to line the side walls of each of the holes, such 
as hole 316. Following this, a copper seed layer 322 is formed on 
barrier layer 320. Copper seed layer 322 can be formed by, for 
5 example, sputtering. 

When the thickness of wafer 300 is the same as the thickness of 
a wafer with a trench, barrier layer 320 and copper seed layer 322 can 
be formed with substantially better step coverage because both ends of 
each hole, such as hole 316, are open. Alternately, a first wafer with a 
10 trench and a second wafer with a through-the-wafer hole and a 

thickness that is roughly twice that of the first wafer with the trench can 
have approximately the same coverage. 

Once copper seed layer 322 has been formed, a conductive metal 
region 324 is electroplated over copper seed layer 322 to fill up the 
15 holes, such as hole 316. One of the advantages of using a through-the- 
wafer hole is that it is easier to circulate a copper plating solute through 
the holes. As a result, an improved level of copper ion depletion can be 
realized with a through-the-wafer hole. 

After conductive metal region 324 has been formed, conductive 
20 metal region 324, copper seed layer 322, and barrier layer 320 are then 
planarized to remove barrier layer 320 from the top and bottom surfaces 
of substrate region 310 to form a number of conductive plugs, such as 
plug 326, that extends through wafer 300. 

Referring to FIG. 3D, after the plugs, such as plug 326, have 
25 been formed, a layer of insulation material 330 is formed over substrate 
region 310, including doped region 312 and the plugs, such as plug 326. 
Following the formation of insulation layer 330, a layer of masking 
material 332 is formed and patterned on insulation layer 330. 

Once masking material 332 has been patterned, the exposed 
30 regions of insulation material 330 are etched until insulation material 
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330 has been removed from the surfaces of doped region 312 and the 
plugs, such as plug 326. The etch forms a contact opening 334 in 
insulation layer 330 that exposes doped region 312, and a number of 
hole openings, such as hole opening 336, that exposes the plugs, such 
5 as plug 326. Following the etch, masking material 332 is removed. 

After the openings, such as contact opening 334 and the hole 
openings, such as hole opening 336, have been formed, a layer of metal 
silicide can optionally be formed to reduce the contact resistance. For 
example, the layer of metal silicide can be implemented with platinum 

10 silicide, cobalt silicide, or titanium silicide. 

Next, as shown in FIG. 3E, after the openings and any optional 
metal silicide layers have been formed, a layer of diffusion barrier 
material 340 is formed on insulation layer 330, doped region 312 (or the 
metal silicide layers if used), and plug 326 to line contact opening 334 

15 and the hole openings, such as hole opening 336. Diffusion barrier 

material 340 can be implemented with, for example, titanium, titanium- 
tungsten, titanium nitride, and tungsten. Following this, a layer of 
electrically-conductive contact material 342, such as aluminum, is 
formed on layer 340. 

20 Once contact material 342 has been formed, contact material 342 

and then diffusion barrier material 340 are planarized to remove 
material 340 from the top surface of insulation layer 330. Materials 340 
and 342 can be planarized using, for example, chemical-mechanical 
polishing (CMP) and etch back techniques. The etch forms a conductive 

25 contact 344 that makes an electrical connection with doped region 312. 
The etch also forms a number of conductive contacts, such as 
conductive contact 346, that make electrical connections with the plugs, 
such as plug 326. 

Referring to FIG. 3F, following the etch, a first layer of metal 

30 (metal-1) 350 is formed on insulation layer 330, contact 344, and the 

100-23800 (P05751) 



PATENT 

number of contacts, such as contact 346. After metal-1 layer 350 has 
been deposited, a first metal trace mask 352 is formed and patterned on 
metal-1 layer 344. 

Referring to FIG. 3G, following the patterning of mask 352, the 
5 exposed portion of metal-1 layer 350 is etched until metal-1 layer 350 is 
removed from the surface of the underlying insulation layer 330. Mask 
352 is then removed. The etch defines a first metal-1 trace 354 and a 
number of second metal traces, such as second metal-1 trace 356, and 
exposes regions of insulation layer 330. 
10 Referring to FIG. 3H, after first metal trace mask 352 has been 

removed, a layer of isolation material 360 is deposited on the surfaces 
of metal-1 traces 354 and 356 and the exposed regions of insulation 
layer 330. Following this, a via mask 362 is formed and patterned on 
isolation layer 360. 

15 Referring to FIG. 31, following the patterning of via mask 362, the 

exposed portions of isolation layer 360 are etched to remove isolation 
layer 360 from metal trace 354 to form a via opening 364 and a number 
of via openings, such as via opening 366. After this, via mask 362 is 
removed. Referring to FIG. 3J, once via mask 354 has been removed, a 

20 layer of via metal, such as titanium, is deposited on isolation layer 360 
to fill up via openings 364 and 366. 

After the via metal layer has been deposited, the via metal layer 
is etched to remove the via metal layer from the top surface of isolation 
layer 360. The etch forms a via 370 that contacts metal-1 trace 354, 

25 and a number of vias, such as via 363, that contact the second metal-1 
traces, such as metal-1 trace 356. Next, a second layer of metal (metal- 
2) 374 such as, for example, aluminum, is deposited on isolation layer 
360, via 370, and via 372 to make an electrical connection with vias 370 
and 372. Following this, a second metal trace mask 376 is formed and 

30 patterned on metal-2 layer 374. 
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Referring to FIG. 3K, after mask 376 has been patterned, the 
exposed portions of metal-2 layer 374 are etched until metal-2 layer 374 
is removed from the surface of the underlying isolation layer 360. 
Following the etch, mask 376 is removed. The etch defines a first 
5 metal-2 trace 380 and a number of second metal-2 traces, such as 
second metal-2 trace 382, and exposes regions of isolation layer 360. 

After second metal trace mask 376 has been removed, a layer of 
passivation material 384, such as oxide and an overlying layer of nitride, 
is deposited on the surfaces of metal traces 380 and 382 and the 

10 exposed regions of isolation layer 360. Passivation layer 384 can be 
formed using conventional plasma-enhanced, chemical-vapor-deposition 
(PECVD) techniques. 

Next, as shown in FIG. 3L, bottom side 310-B of substrate region 
310/wafer 300 is cleaned. Following this, a connection material, such as 

15 solder balls 386, are then formed to contact the bottom ends of the 
plugs, such as plug 326. Although not shown, portions of the metal-2 
traces can be exposed and utilized as bonding pads, thereby allowing 
the dice from wafer 300 to be stacked. 

It should be understood that the above descriptions are examples 

20 of the present invention, and that various alternatives of the invention 
described herein may be employed in practicing the invention. For 
example, doped region 312 and the circuitry formed on substrate region 
310 can be formed after the plugs, such as plug 326, have been formed. 
Thus, it is intended that the following claims define the scope of the 

25 invention and that structures and methods within the scope of these 
claims and their equivalents be covered thereby. 
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